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WJMMARY

Te8t8 were made in the 7- by X)-foot m“nd tumnd

and in the f?O-foot tunnel of the iVatM Advisory
C’om&e for Aermdb to detm”ne the drag of a

munber of airplam wheeb, wheet @%ag8, and kmd-
ing gears Mjwed or 8eleoted for am m“rpkme of 3,000

pOUnd8 gro88 w&7h$. AL? t%t8 were & on f?d&

sized nwdek; those in the 7- by 10-foot tunnel were

mzde a-t air speede up to ~0 miik per hour and t7w8e

in the i?O-foot tunml were & a.$air 8peed8 up to
100 7nik?8per h-ur. AZtbug7i TiW8t of the Wing-

gew tes.% were made in conjmci%on m“th a fwekge

md at 0° @oh angle, mm% of the te8t8 were de in

oonjumtion with the fusei%ge phM w“ngs and a Tad&d
air-cookxi engine and at pitch angkx fmm —6° to 6°
to obti”n an k?ica$ion of the gen.eni? effect of thtxe

varioua item on Zim&ng-gear drag. AL3 te.M were

made in the a38ewe of propeller 8Zip8treafm.

The remdt8 of t)w kx%tig~”m show th& tb Zowe8t

drag recorded for amy Zm.dtig gear ttwted wm 13

pound8, at 100 mik$ per hour and 0° p-itch, am? thu$

it might be possibk to reduce th& drag approm”mate@

6 pounik by totaUy encaaing the mheeik of this gem

in fairing8. Tb M@.nt .?m&n.g-gear drag recorded

Wa898 ~OU71d8.Other point8 of intert%t brOu@t out

were: Fi.Mng-pZuAnterfermm drag of ordinary

type8 of Z5.n&ng gears awzwge8 abd @ percent of

the drag due to these gear8; low-premure wheei% ad

tire8 maybe wed&h Zitt.Ze or no -increa.8e in Zur&ng-

gear drag; the proper wheel faihg mm.yredwce the
drag due to a landing gear me than any other re-

fhl@P#lt;fdtingOf&8t&82% Of peat &)JpOTti371CC;

and zunding g8@8 halving a L?lk@3 supporting 8t7Wt

have ks drag than my other types of nonretraetimJ

gears. A~o, the &ub8thtim of bw-drag or retrac-

table Za?uii?lg g8aP8 for conmm.i%md type8 on h.igh-

drag airpbn~ remk% in a negligibk herease in high

8pei?d. Low-drag or retractable gear8 tied in pkzze of

oimvedioiud gears on Zow-drag m“rpti mmdt in a

8u58ta&iaJ iweaae in high speed or 8aving in power

at the 8arine 8peed, the Zow-drag gear accomplishing

u kwge percentage of the gain obtainable from the use

of the retractd-e gear.

INTRODUCTION

Although @e d&g of the landing gem has been
bow-n to constitute a large portion of the total drag
of an airplane in flight (see references 1, 2, and 3),
practically no systematic research has been done for
the express purpose of improving the aerodynamic
characterkti~ of landing gears. h recent years de-
igners have successfully attacked the problem and in
some cases have desibgnedlanding gears that can be
partly or fully r@racted in flight. Little informa-
tion, however, is available concerning the compara-
tive drags of nonretracting landing gears and their
component parts, the aerodynamic interference be-
tween the parts, or the degree to which attempted
reilnernent of such gears may be successfully carried
out.

The present investigation was made to obtain data
concerning the f ollow!mg: The drag of wheels; the
aerodynamic interference between wheels and struts;
the drag of a wheel with various wheel fairings; the
&ag of ~hee~ ~d g~rs h yaw; the drag of difk~t
types of larding gears; the effect of wings and a
radial air-cooled engine on landing-gear drag; the ef-
f ect of changes in pitch angle on landing-gear drag;
and the effect of various modifications to landing
jggarson their drag. From these data an analysis of
landing-gem drag was made and an indication of the
10wA drag obtainable with a nonretracting landing
gear obtained. The investigation included tests of
5 @pes of wheels, 6 types of wheel fairings with 8
modifications, and 22 different lanclhg gears -with a
total of 55 moditkations to these gears.

All the landing gears tested were attached to an
open-cockpit fuselage and the tests were made without
propeller slipstream. Most of the test-swere made at
0° pitch angle and without wings or an enggine
attached to the fuselage. Howeverj the effects of
wings, of a radial air-cooled engine with and without
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cowling, and of pitch M@e on a number of diilerent
landing gears were measured.

The Ian@O-gear program has been extended to in-
clude tests on other @pes of landing gears, the results
of which will be presented in subsequentreports.

APPARATUS AND METHODS

TUNNELS

The 7- by 10-foot wind tunnel, in which a part of
the lan~w-gear dpg investigation was made, is fully
described in reference 4. The standard force-test
model support was used. Tests were made in this
tunnel to determine the drag of wh>ids, the aerody-
namic interference between wheels and struts, the
drag of the 8.50-10 wheel with various wheel fairings,
the drag of half of landing gear 2a with various
modiikationsj and the drag of the 8.50-10 wheel and
half of landing gear 2a in yaw.

The 20-foot propeller-research wind tunnel, in which
the remainder of the tests were made, is described in

reference 5. The method of supporting the test set-
ups on the balance is shown in fiege L Tests wero
made in this tunnel to determine the drag due to lancl-
ing gears used in conjunction with a fuselage, wings,
and a radial air-cooled engine.

TESTMODELS

All models tested were designed for an airplane of
3,000 pounds gross weight because full-scale models
corresponding to this weight were the largest thmt
could be conveniently accommodated in the tunnels
used for the testing.

Wheels.-The five different wheels and tires used
in the tests were: An 8.50-10 low-pressure wheel and
tire; a 27-inch streamline wheel and tire; a 25 by
11-4 extra-low-pressure wheel and tire; a 30 by 5 disk
wheel with a 30 by 5 high-pressure tire; and a 30 by 6
disk wheel with a 82 by 6 high-pressure tire. (See
fig. 2) The 2 wheels vviththe high-pressure tires were
taken from service; the’ other 3 were wooden models

Fxciunnl.—Landlng gem 3b with wheel Mr3ng A mounted on td fusohwa.
.
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made to a tolerance of & 1/82 inch. All tires had
smooth treads.

Wheel fairings,-The wheel fairingg were designated
by letters A to F; inolusive, with numerals added
vdlen necessary to indicata mod.il.lcationsto the basic
form. (See figs. 4 to 9.) Fairings A, B, and C dif-
fer only in cross section; fairing D difEers in cross
section mndhas a cut-out in the side equal to the tire
diameter (8.50-10 wheel and tire) ; f airing E consists
of a short tail and a small fairing that partly covers
l,he inside of the wheel; and f-o F covers only a
small portion of the inside of the wheel. All the
fairings were made from sheet aluminum.

Fuselage, wings, and engine.-In order to conform
with the other models, the fuselage used in conjunc-
tion with the landing-gear tests was constructed to
the average fuselage dimensions of an open-cockpit
airplane of 3,000 pol.mdsgross weight. (See fig. 17.)

Two rectane@ar wings of Clark Y section were
attached to the fuselage for part of the tesks. A W2-
by 15-foot wing was used to simulate the lower wing
of Qbiplane cellule and a 6- by 18-foot w~u was used
to represent the wing of a low-wing monoplane. A
Wasp radial air-cooled engine, cowled and uncowled,
was used during some of the tests to determine its
effect on the landing-gear drag. The relative loca-
tion of the fuselage, the engine, the wings, and the
landing gears is shown in fiewes 17 and 40.

Landing gears,-The lapding gears numbered la to
llb (see figs. 18 to 34) were attached directly to the
fuselage. Gears 12 to 14c (figs. 35 to 39) were at-
tached to the fuselage and the 6- by 18-foot wing.

All landing gears were designed to comply with the
requirements of the Aeronautic Branch, Department
of Commerce. Design outside dimensions were strictly
adhered to in the fabrication of the various parts.
Although information concerning the relative weights
of the landing gears would be of considerable interest,
any attempt at weight analysis would be too involved
to come within the scope of this repofi The standard
dimension chosen for the vertical travel of the wheel
was Ginches, and for the wheel tread, 6 feet 6 inches.
All round struts were encased in fairings of Navy 1
strut section, fineness ratio 3. In cases where stream-
lined tubing was used, the tubhg was of “ standard”
section, which is a modification of Navy 1 strut sec-
tion. In some instances tandem struts were faired
together, this being done in accordance with the r~c-
ommendations of reference 6. A few of the landing
gears incorporated wire bracing in their structures.
The type of wire used was, in all cases,that commonly
referred to as ‘Cstreamlined’) wire, although it is
really lenticular in cross section.

The oleo action ‘of all gears’ was strictly conven-
tional with the following exceptions: Gears lb, lc,

2b, 2c, ha, and llb, as tested, would have to use an
oleo shock absorber in the fuselage with a suitable
linkage to give the required “wheeltravel or have one
incorporated in the. vtheel. GearalQ wo~d:. have the
oleo shock absorber in the wheel or ihside the wheel
fniring. ,Gears 3b, 3c, 13, and 14a would require a
splined oleo shock absorber or its equivalent. Gear
12 could have a conventional oleo strut but the wheel
would swing about a point directly in its rear.

TESTS

The only measurements taken during the tests were
air speed and drag. The maximum air speed used in
the 7- by 10-foot tunnel was 80 miles per hour, that
being the maximum obtainable; the maximum speed
used in the 20-foot tunnel was 100 miles per hour:

Wheel tests,-The drag of the wheel-and-tire units
was measured at air speeds up to 80 miles per hour.
Throughout the entire investigation the 8.50-10 wheel
and tire was takwi as the standard unit because it
appeared to be the most commonly used in service.
The selection was made solely for comparative pur-
poses.

Aerodynami~ interference be~een whe~s ~d ~
strut,-The interference drag created by having a
wheel and a length of strut in close proximity was de-
termined for all wheels used in the landirg-gear inves-
tigation. Two ditlerent strut sections were used sep-
arately for this work; one was of Navy 1 section, !+/4
by W! inches, and the other was of circular section
with a diametm of 2~4 inches, Each strut was hinged
at the wheel axle and the angle between the wheel and
the strut was varied in successive steps from 0° to 90°
during the test.. The interference drag was obtained
by deducting the sum of the wheel drag and the strut
drag from the drag of the combination Figure 3
shows the arrangement of a wheel and struk

Wheel-fairing tests.-l%e 8.5W1Owheel and tire was
tested with wheel fairings A, B, C, D, and E at air
speeds Upto 80 miles per hour. All modifications to
these wheel fairingg as tested alone are shown in fig-
urw 4 to 8, inclusive. Check tests were made on most
of these models in the 20-foot tunnel at air speeds up
to 100 miles per hour.

The 8,50-10 wheel in yaw.—The drag of the 8.50-10
wheel was measured at air speeds up to 80 miles per
hour with the wheel yawed in successive .+tepsfrom
15” to ~Mi”.

Testson half of landing gear 2a with 8.50-10 wlieeL-
Tests were made on a complete half of lan~~ gear
2a with the 8.5&10 wheel and wheel fairings A. B,
C, D, E, and F with various mod.ifmations. Details
of all modifications ‘are shown in @es 11 to 16,
inclusive. Most of these tests were made in the 7-
by 10-foot tunnel at air speeds up to 80 miles per
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hour, but a few tests were checked in the 20-foot tun-
nel at air speeds up to 100 miles per hour.

Half of landing gear 2a in yaw.—One-half of landing
~gear2a, equipped with the 8.50-10 w-he~ was tested
for drag at various angles of yaw at air speeds up ta
80 miles per hour. The half gear was yawed in
successive steps from 15° to —15°.

Testsat 0° pitoh of landing gears mountedon fuselage
or fuselage and wing,-Gears la to llb, inclusiv~ with
various motivations, were tested for drag in con-
junction with the fuselage alone. Gears 14a, Mbj and
14c were tested in conjunction with the fuselage and
6- by 18-foot wing. All these tests vveremade at air
speeds up to 100 miles per hour. The gears were
mounted in the inverted position (@ 1) to facilitate
teskhg and to remove the gears as far as possible from
the influence of the model-supporting structure.
Whenever wings were used during the tests, they were
set at 0° incidence. The drag of the fuselage, or
fuselage and wing, was mew-ured with and without
the landing gears attached. The difference between
the results was the drag due to the landing gear mder
test.

Tests at 0° pitoh on several landing gears equipped
with various @pes of wheels.-The @O due to landing
geam lb, 3a, 8, and llb, each equipped with various
types of wheel-and-tire units, was measured at air
speeds up to 100 miles per hour. These landing gears
were chosen becausethey had a wide diversity of shut
arrangement, particularly around the wheel hub. It
was hoped that the results would show more gener-
ally the effect on landing-gear drag of substituting
different wheek of equal might-carrying capacity.

Tests at various angles of pitch Qf landing gears
mountedon fuselagewith and without the ~B- by 15-foot
wing and engine.-lkmling gears la md lla were
tested for drag at various pitch angles from 6° to
– 5°, on the fuselage alone, on the fuselage with the
4%- by 15-foot wing, on the fuselage with the engine
(cowled and uncowled), and on the fuselage with the
wing and the engine. These tests were made to as-
certain the effects of the different combinations on the
drag, due to the landing gears, at air speeds up to
100 miles per hour.

Tests at various angles of pitch of landing gears
mountedon fnsekge and 6- by 18-foot wing.-Geam 12j
18, l@ Mbj and Me, which were designed for use on
low-wing monoplane, were tested for drag in con-
junction with the fusdage and the 6-by 18-foot wing
at various pitch aqgles from 6° to —5° at air speeds
up to 100 miles per hour.

Gear 14c was later tested in conjunction with the
fuselage, the 6- by 18-foot wing, and the engine
(cowled and uncowled) to get the added effect of the
engine upon the drag due to this gear.

(30~ FOE AIUtONAUTIOS

PRECIS1ON

It is &imated that the drag of wheels alone, wheel
fairings, and one-half of gear 2a with its various

modifications, was measured with a precision of 5Z0.1
pound. Landing-gear @sts made in conjunction with
the fuselage alone are estimated to be precise within
50.5 pound, while t&s made in conjunction with the
fuselage, wing, and engine at various angles of pitch
are estimatedto be precise within &1.0 pound.

RESULTSAND DISCUSSION

All drag values presented in this report were taken
from faired curves of drag plotted against dynamic
pressure. In cases where check tests were made in
the 20-foot tunnel on the results obtained in the 7- by
10-foot tunnel, drag values are givan for both 80 miles
per hour and 100 miles per hour. In all other cases
the values are given for only one air speed. For con-
venience, all the drag data presented in tobular form
are included on the figures illustrating the correspond-
ing test models. Results of interference tests, yaw
tests,and landing-gear tests made in conjunction with
wings and engine at various pitch angles, are pre-
sented in curve form for ease of comparison.

The results of tests made in the ‘7- by 10-foot tun.
nel were corrected for horizontal pressure gradient in
the usual manner. It was not necessary to apply any
corrections to results obtained in the 20-foot tunnel
because the pressure gradient was negligible. An
agreement of 30.1 pound drag at 80 miles per hour
was obtained between the results of check tests made
in the two wind tunnels after the horizontal pressure-
gradient correction had been applied.

Wheel tests.-Table I and figure 2 show the compma-
tive drags of all the wheels tested alone. It is of in-
ter& to note that the 27-inch streamline wheel and
tire has appreciably less drag than any other type
tested, and that the 23 by 11-4 extra-low-pressure
wheel and tire has the highest drag recorded. The
effect of all these wheels upon the drag due to several
diflerent landiug gears will be shown later in the
report.

Aerodynamicinterferencebetween a wheel and strut,—
Figure 3 shows the variation of interference drag be-
tween the different wheels and a single strut (stream-
line and round) alongside the wheel, as the angle be-
tween the two is varied from 0° to 90°. The inter-
ference drag generally increases as the wheel and
strut are brought together. The 27-inch streamline
wheel and tire is affected the most by the proximity
of the struh

Wheel-faking tests,-The drags of the 8.50-10 low-
pressure wheel and tire with various types of wheel
fairings are given in table II and figures 4 to 9. From
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these resuh%it appeam that a wheel fairing such as ~
which covers both sides of the wheel and has a mini-
mum of crow-sectional area, is the best basic type.
It is also apparent from tests of modifications of this
fairing (A, and A,) that the portion of the wheel
or tire that protrudes from the bottom of the fairing
iE responsible for most of the drag. As much as ’72
percent of the drag of the 8.50-10 wheel and tire may
be suved by totally encasing it in a fairirg such as
modification Aa of wheel fairing A. It is also inter-
esting to note from the tests of wheel f airing D, which
has a cut-out in the side as large as the tire diameter,
that no saving in drag will be effected unless the side
of the cut-out nearest the tail of the fairing is turned
in so as to present no open edge to the air stream
(modi.dcntion D,). In fact, the drag of the wheel
was increased by the use of the unmodified fairing
D. No tests were made on ordinary mud guards be-
cnuse previous tests made in Great Britain showed
that they have high drag (reference 7).

The 8.50-10 wheel in yaw.—l?i=gme10 shows how the
drag of the 8.50-10 wheel than.- with variations in
rmgkx of yaw. The drag of this wheel is ahnost
doubled when it is yawed 15°. Such data are of prac-
tical interest because many ordinary types of nonre-
tracting landing gems have the wheels in yaw when
the oleo strut is extended. Also, there are some types
of partially retracting gears that have the wheel
yawed, when in the retracted position, and as much as
half of it exposed to the air stream.

Tests of one-half landing gear 2a with 8.50-10 wheel
and various wheel fairings.-The results of the tests
of half of landing gear 2a are givem in table Ill!
and on the figures 11 to 16, inclusive. The purpose
of this part of the investigation was to determine
whether the relative merits of the fairings as W
alone were affected by the combination of the fairings
with landing-gear struti For these tests all the fair-
ings except A (modifications Al and AJ, which were
not believed to be practicable, were used. Reference
to the table and figures will show that fairing A, which
had lower drag than fairing C when tested alone, had
to be modified considerably around the @rut intersec-
tion to give as low drag as fairing C when both were
combined with the landing-gear struts. It is also
interesting to note in the case of f airing E (fig. 15)
that modiiicrdions E, and E, were the most effective
in reducing the drag.

Yaw testi of one-half landing gear 2a with 8,50-10
wheel,—l?ib~e 10 shows how the drag of one-half gear
2a varies with angle of yaw. A comparison of these
data with those for the 8.50-10 wheel alone, will show
that with changes in yaw, most of the drag increase
of half gear 2a is due to the increase in drag of the
wheel. The fact that the struti are at az@es of

attack other than 0° accounts for very little of the
increase in drag.

Measurementof drag due to various types of landing
gears with 8.50-10 wheels, 0° pitek-Table ~ and
figur~ 18 to 31,34, and 8’7to 89 contain the results of
twts of various landing-gear type9, all of which were
made in conjunction with the fuselage. Reference to
the figures will show the dillerences in strut arrange-
ments. It should be pointed out that although all
struts were of streamline section the fittings were
left exposed. When wires were used the fittings were
also left exposed. It is interesting to note that the
substitution of streamline wires for streamline struts
in the cases of gears lb and lC (fig. 19) and gears
2b and .% (fig. 21) had little eflect on the drag.
The resnk% obtained with gears ~b and 3C (figs. 24
and 25) indicate that little is saved when struts in
tandem, close to the side of a wheel, are faired
together. The relatively h@h drag due to landing
gear ‘i’ (fig. 29) shows that it is not good practice to
place a length of strut close to the side of a fuselage.
The results for landing gear llb (fig. 34) indicate that
this type has small interference drag. The drag of
the wheels alone is approximately 19.5 pounds at 100
miles per hour, which leaves but 4 pounds interference
and strut drag.

Efteotof variouswheels of equal load-mmying capaoity
on the drag due to landing gears,-The results of these
wheel tests are given in table V and the fi~guresillus-
trating geam lb, f!a, 8, and llb. Gears lb, 3a, 8, and
llb (figs. 19,28,30, and 34) were chosen for this part
of the investigation because they covered a representa-
tive range of gear structure on which the effeh of the
various types of wheels could be generally shown. It
is important to note that low-pressure or extra-low-
pressure wheels and tires may be used on ordinary
type9 of landing gears with little or no increase in
drag. Also, the 27-inch streamline wheel and tire,
which had the lowest drag when tested alone, gave
higher landing-gear drag values than the 8.50-10
wheel and tire, except in the case of gear llb. The 27-
inch streamline wheel and tire is distinctly superior
on this latter type of gear. The results indicate that
the 27-inch wheel and tire will not decrease landing-
gear drag unless the aerodynamic interference between
it and adjacent members is very small. This size of
streamline wheel and tire was used because, at the
time this investigation was started, the manufacturers
recommended it for use on commercial types of air-
planes. However, the 24inch and the 21-iuch may
be used for airplanes of 3,000 pounds gross weight if
the inilation presur e is increased dciently. If tests
had been made with the smaller wheel-and-tire units
they undoubtedly would have shown up more favor-
ably than the 27-inch in all cases. An extension of
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the entire lan~~-gear research program is contem-
plated in which tests will be included of the 24inch
and the 21-inch streamline wheel-and-tire units.

Efleot of wings, engine, and angle of pitah on the
drag due to landing geara.-Figure 41 shows the effects
of the 4+$$-by N.Lfoot wing, the en=gine(cowled and
uncowled), the combination of both, and changes of
pitch angle upon the drag due to landing gears la
and ha. The effect of the engine alone on both gcmrs
was to generally increase the drag with increases in
angle of pitch. The wing alone had an opposite ef-
fecL The etEectof the combination of wing and en-
gine was to cancel gynerally the individud effects.
It made little difference whether or not the engine
was cowled. The engine-and-wing combinations low:
ered the drag of the high-drag gear (gear la) notice-
ably over the result obtained with the f tielage alone.
This d.iilerence was negligible in the case of the low-
drag .Wr (gear ha). The curves on &me 41 indi-
cate that no specific conclusions may be drawn from
these data since no definite trends were evidenced.
The data are presented to show the factors that may
affect landing-gear drag but do not include propeller-
slipstream effect.

Figure 42 illustrates how the diag due to land.iqg
gear 12, which was mounted on the fuselage and the
6- by Ml-foot wing, variw with angle of pitch. ~
type of gear has been commonly used in recent years
on airplanes that have the landing gear incorporated
in the wing truss. The re.sdts show that the drag due
to this .~r and its component parts decreases with
increases of pitch angle.

The effect of changes in pitch angle on the drag
due to gear 13, with its various mod.iiications,is shown
in figure 43. This gear was mounted on the fuselage
and the 6- by 18-foot wing. The general effect of k-
creas~o the pitch angle was to decrease the drag
due to the gear. Modification 2 gave a much steeper
slope to the curve of drag against angle of pitch than
did modification 1.

Fi=mre 44 shows the variation of the drag due to
ge~~ 14a, 14b, and 14c with chmyys in pitch angle.
The eflects of the radial eng:ne, cowled and uncowled,
on gear 14-cand of wheel fairirg C on gear I+la are
also shown on this tigure. Again the drag due to the
gears decreased with increases of pitch angle. This
decrease was probably due to the decrease in air
veloci~ around the under surface of the 6- by”18-foot
wing that occurred as its angle of attack was increased.
The effect of the cowled and uncowled engine upon
gear Me was to increase appreciably the drag due to
it. The reason for the increa.wiis not readily tider-
stood, especially since the engine did not have a simi-
lar effect upon the drag due to gears la and ha. Al-
though the latter two gears were tested in conjunc-
tion with the 4+& by 15-foot wing and engine and

gear 14c was tid with the 6- by 18-foot wing and
engine, the most significant difference between the test
set-ups was in the wheel treads. It so happened that
~wars 14a, 14b, and 14c were designed with a tread
of ‘i feet 8~2 inches instead of the standard tread of
6 feet 6 inches used for all other landing gears. This
divergence from the standard was caused by struc-
tural ditBcu.ltiesencountered in the design of the test
set-ups. Inasmuch as the wheels of gear 14c were 1
foot 2~2 inches farther apart than those of gems la
and ha, it is thought that perhaps the air flow in this
outer region could have been influenced by the engine
in such a manner as to have higher velocity at that
point than at the location of the wheels of gems 10
and ha. If this be true, the drag due to any gear of
the chosen standard tread and height would not neces-
sarily be increased by the presence of an engine
mounted as in this investigation. However, the rea-
son for the increase in drag due to landing gem Ma
when the engine was present should be found and the
problem will receive attention in the proposed pro-
gram for future landing-gear research.

lHfeot of various modifications on the drag due to
landing geara, 0° pitoh.—The effect of modifying each
of a number of dillerent lading gears is shown in
table VI and figures 23 to 26, 29, 30, and 32 to 3’7.
In order to have a better imderstanding of the various
modifications made, it is necessary to refer to the
fi~gmzs. Inasmuch as the table and the fi=wrea con-
tain all the pertinent facts and a summary of results,
little need be said here in discussion of the modMca-
tions. The addition of wheel fairing C to landing
geax ~a resultedin a decrease in the drag due to that
war of- approximately 23 percent, which is a very
substantial saving. Attention is called to landing
gears ~b and 3c, which are structurally identical, dif-
fering only in the manner in which the side struts are
faired. Gear ~b, which had the side members fairecl
together, had a drag of 44 pounds at 100 miles per
hour in its oriaginalcondition. By successive modifi-
cations this drag was reduced to 27 pounds. The big-
gest saving was effected by the use of wheel fafigs.
The strut f+ng on gem 3Cwas stripped from each
individual member until nothing but round struts ml
the wheels were exposed to the air stream. In this
condition the drag due to the gear was 98 pouncls
at 100 miles per hour. The results “of these tti
clearly show that the drag may vary from 27 pounds
to 98 pounds at 100 miles per hour for a gear of this
type, and indicate the importance of faking struts
as well as wheels. Wdiihations to landing gems 8
and 14a also show the importance of wheel fairings
for reducing drag.

Tests on- geam 10 and 12 show the importance of
fairing the wire terminals. By so doing, 2.6 pounds
drag out of 2’7.0 pounds were saved on gem 10. In
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the case of gear 3.2, where the wires helped form a
combination w&~ and landing-gear tru.w, 6 pounds
drag were saved by fairing the wire fittings. It
should be noted that on this same gear the wires and
wing-brace struts accounted for more than half the
drng due to the complete land~~-gear unit.

Tests of gems Ila and llb, which have single canti-
lever struts from the fuselage to the wheel, indicate
the superiority of these types as far as drag is con-
cerned. There is little to choose between the 10NW%
drag figures of these two landing gears. ThcJlowest
drag recorded for gear lla was 18.5 pounds at 100
miles per hour, while the 10NW4for gear llb was 17.5
pounds at 100 miles per hour. If modifications Al
and Az were applied to wheel fairing A as used on
gear llb, it is probable that the drag due to that gear
could be reduced to approxinmtelj 14 pounds and 11
IJounds,respectively, at 100 miles per hour. It is pos-
sible to use such modifications to a service-type land-
ing gear provided that suitable mechanical arrange-
ments are made on the wheel fairings to give the
ground clearance necessary for wheel operation. Tats
made on these two gears with the 8.50-10 lo-w-pressure
wheels and 27-inch stremnline wheels without wheel
fairings indicate that the lowest drag was obtained by
using the lattxwwheels. However, it is also clear that
even though rLlow-drag landing gear might be had
without wheel fairings, the drag may be further
reduced by an appreciable amount if the proper wheel
fairings are used.

Lmdi.ng gear 18 was attached to the 6- by 18-foot
wing and had a single strut extanding from the wing
to a fork over the wheel. The strut was streamlined
and the wheel encased in wheel fairing A, with no
fillet mound the wheel-fairing and strut intersection.
The results show a drag of 20 pounds at 100 miles
per hour with the gear in this condition. Modi&xL-
tion 1, which was an cxTanding flet, was made at the
shut and wheel-fairing intersection, and the drag due
to the gear dropped to 13 pounds. Modification 2,
which was a continuation of the wheel fairing to the
wing, was made and the drag was again reduced to 13
pounds at 100 miles per hour, despite the large in-
crease in cross-sectional area. The drag due to this
gear might be further reduced to approximately ‘7 or
8 pounds at 100 miles per hour if the wheels were
entirely encnsed in a fairing such as modification Az
of wheel fairing A.

Analysis of landing-gear drag.-The results of the
analysis of landing-gear drag are presented in tables
VII-A and VII-B, in which all the landing gears
tested are classified accordhg to structural types.
Table VII-A deals with geam desiaaed for attach-
ment to the fuselage; table VII-B deals with gears
designed for attachment to the wing or wing and fuse-
lage. An attempt was made under each classification

601—3+14

to isolate the drag due to the wheels or wheels with
wh~l fairings, to struts, and to fittings plus interfer-
ence. The drag due to these parts and to fittings plus
interference is also presented in percentage of the total
measured drag. A ratio of measured drag to com-
puted drag is included for use by designers in evaluat-
ing the drag of any type of ge~, having given the
drag of the component parts. The entire analysis is
based on gear drag at 0° pitch angle and excludes
the effects due to the engine and the 4+2- by 15-foot
-Wing. ,,

Reference to the tables will show th& for all types
of gears the computed strut drag constitutes from 12
percent to 20 percent of the total measured drag due
to the gears. The wheels or whc@s with wheel fair-
ings, as tested alone, constitute from 40 percent of the
drag due to the gears for the multistrut types to about
’70 percent for the single-strut types. Fitting-plus-
interference drag varies from about 4+4percent of the
total measured drag due to gears of the multistrut
types to negative or favorable interference drag for
the sir@e-strut types.

Some caloulationa showing the effech of 2 types of
landing gears on the perforraame of 2 classes of air-
planes,-A comparison is made in table TllIt of the
high speeds of 2 hypothetical airplanes, 1 of low
drag and the other of high drag, each with and with-
out a low-drag and a high-dr~o landing gear (gem
18, modification 1, and gear 14c. The table shows that
even though landing gear 14c were made to retract
fully into the high-drag airplane the gain in high
speed would be only 3 miles per hour. However,
retracting the same gear on the low-dnqg airplane
would result in an increase in speed of 18.9 miles per
hour, or a saving of 23.4 percent of the thrust horse-
power at the same speed. Retracting gear 13 (modi-
fication 1) used on the low-drag airplane would result
in an increase in speed of only 8.6 miles per hour.
Whether or not the 8.6 miles per hour increase in speed
due to rLretractable gear over gear 13 is worth the
design and structural complications in all cases is a
question that can be solved only by the desi=gers of
airplanes. Attention is called to the fact that all land-
ing-gear drag data used in these comparisons were
scaled up from results at 100 miles per hour with no
allowance for the effect of Reynolds Number.

Some oalmlationa comparing a wire-braced wing and
landing-gear unit with a cantilever wing and landing-
gear unit.-Figure 45 shows the results of this compari-
son. The calculations are based on w-@ data taken
from reference 8, and on landing-gear drag data scaled
from results at 100 miles per hour with no allowance
for the effect of Reynolds Number. Inasmuch as the
wire bracing on landing gym 12 also constitutes a part
of the -iving bracing, any rational comparison of this
gear with any other gear must take into account the



00MMIECEE FOB AEBONAUTJ.OS200 EEI?OBT NATIONAL ADVISORY

T@ system. It was considered of sufficient intarest
to compare gear 1.2mounted on a conventional Clark
Y rectan.@w W@ with bar 13 (modi.iication 1)
mounted on a cantilever Clark Y wing, tapered in PIUII

form and section. Although the selection of the types
of win== as well as the wing areas may affect the re-
sults somewhat, it is believed that the wings selected
will show in a general way the relative merits of the
two units. In the iigure the drag of each wing and
landing gear is plotted against velocity, the ~gle of
attack being determined by the wing loading. Curves
me also given for the complete landing-gear and wing
units. It should be noted that the drag of the wires on
gear M was computed instead of taken from the tests
on that gear because the wire truss used on the test
set-up had insdicient span for the purposes of this
comparison. Brace struts were not used on this gear
and all tie fittings were assumed to be hiddem The
fi=~e shows the superiority of the cantilever wing and
landing-gear unit over the wire-braced unit, although
the difference is not great.

A general relationship applicable to landing g-,
showing the effeot of parasite drag on the high speed of
airplanes.-Figure 46, which is a convenient chart for
sho~~ the relationship between a ch~~e in para-
site drag and the resulting change in the high speed
of an airplane, is included to simplify the ~c~ation
of the h&h-speecl change of an airplane due to a
ch~oe in landing-gear drag. The chart is appli-
cable to any conventional airplane and is considered
to be fairly accurate, the assumptions being that the
thrust horsepower and drag coefficient of the airplane
are constant for small chaqys in angle of attack at
the high-speed condition. The chart shows that land-
~g-gmr &ag must be appreciably reduced to result

in mtich gain in the l@h speed of an airplane. Of
course, a percentage change in high speed shows more
gain in miles per hour for a high-speed airplane
than for a low-speed airplane. Furthermore, the
landing gear of a high-speed airplane is likely to
constitute a greater percentage of the total dr~mthan
that of a low-speed airplane because l@h-speed air-
planes necessarily have low drag. This point is also
illustrated in the example given in table VIII.

Applicationte design.-lk using the results presented
in this report for air speeds greater than 100 miles
per hour the question may arise concerning the effect
of Reynolds Number on the drag values. Since the
drag, in general, varied closely as the ratio of the
squares of the air speeds for speeds 1S than 100 miles
per hour, it can only be assumed that ~ relation
holds for higher speeds. Until tests at higher Rey-
nolds Number can be made the values of drag at 100
miles per hour should be used, whenever possible, as
a basis for computing the values at highez speeds.

This matter is of most importance M regards quan-
titative estimatesof the drag of landing gems at high
speeds, there being only a small likelihood that tho
order of merit of the iWlerent gears will be changed
appreciably at high speeds.

CONCLUSIONS

From the data presenhd in this report the follow-
ing conclusions we made:

1. The interference drag between a single strut
alongside a wheel and the wheel generally increases a~
the angle between them is decreased.

2. The interference drag between rLsingle strut and
a low-drag wheel is markedly higher than the inter-
ference drag between a strut and a high-drag wheel.
If low-drag wheels are used to reduce landing-gear
drag, it is necessary that the aerodpmnic interference
between the wheels and adjacent members be small,
otherwise there will be no reduction in drag.

3. The drag of the combination of a wheel and
wheel fairing is due, in a large measure, to that portion
of the wheel which protrudes from the fairing.

4. Wheel fairings with cut-outs in the side should
have all free edges that face the wind turned in.

5. The increase in drag of a tripod landing gem
in yaw is due mostly to the increase in drag of the
yawed wheels.

6. The lowest-drag wheel fairing tested gave very
little reduction in drag when used on landing gears
of the tripod type, unless properly modified to reduce
aerodynamic interference.

7. Lo-iv-prw.sureand extra-low-pressure wheels and
tires may be used on ordinary types of landing gems,
with little or no increase in drag.

8. Landing-gear struts should not be place,d close to
the side of a fuselage because of the high interference
drag crmted.

9. The drag of landing gears of the more common
types may be greatly reduced by careful hiring of
Wings, wheels, and strut intersections.

10. It is possible to design a landing gear of reason-
ably low drag without using wheel fairings.

11. The average fitting-plus-interference drag of
ordinary types of landing gears is approsimatdy 44
percent of the drag due to these gears.

U2. The combination of z cantilever wing and canti-
lever landing gear appears to have less drag than the
combination of a wire-braced wing and gear in wljch
the landkqg gear is a part of the wing truss.

13. The substitution of low-drag or retractable
landing gears for conventional gears on high-drag air-
planes will result in only a small increase in high
speed. For low-drag airplanes, the substitution of
low-drag or retractable landing gears for conventional
gears will result in a substantial increase in high speed
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or saving in power, the low-drag gem accomplishing
n large percentage of the gain obtainable from the use
of the retractable gear.

LANmxmMEMORIAL&XONAUIrICALLABORATORY,

NATIONAL ADTIWRY COmIITITEH FOR kERONAIJTICS,

LANGLEY I?IEIJ+ VA., ~eti 9,1984.
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8J3O-10Iow-pressmwwheel and tire. 27-ineb streamline wheel and tire.
I)mg=O,l lh. nt 80 m.p.h. Dmg_5.O lh. at 80 m.p.h.

#

25 hy 11-4 extm-low-premure wheel and tlra
Dmg=7.1 lb. at 80 m.p.h.

30 by 13disk wheel and high-prwmr
30 b 6 tllsk whwl and 32 by 6 high:p%%re tire.

i%:%l ,,. (30 by 5] rit 80 rn.~.h.
Drng- 6.9 lb. (32 by 6 at 80 m.p.h.

Fmunn 2.—Dreg and dlmensiona of wheels.
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FIGURE Z7.-Drag and dlmemdoaa of gear 6. Dmg of gear nt 100 m.p.h. (oleos extended) : 8.50-10 wheels, 88.0 pound&
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26 by 11-4 Iow-pre%mrewheel& modhlkations 1, 2, and 3-- 43.0
30 by 5 M h-pressurewheel% modiflcotions 1, 2, and 3—_- 41.6

%32 by 6 hig -premnm whorda,modlfkntiona 1, 2, nnd 3—-— 42.6

r
A

1

/
z, l%- x .?%6” stremlifle fube

30ym”

\ U----z

-128~0
,9, ,”.1

//

,.2/.

x
‘. .+

I

I \l/ \ I /

T, 39-

l?rourm 31.—DraK and dimensions of gem 9. Drag of gear at 100 m.p.h. (oleos extmded) : 8.50-10 wheels, 45.0 pounds,
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Y, Wheel falring A
Z, ~ “sfrewnline wire

‘)

FIounn 32.—Drng and dlrnanslonaof gear 10.
Dreg of gear at 100 m.p.h.: POunda

wheel fafringaL. —.—___— -------------------- !27.o
Wheel falrlmg A, strgt and wire flfflngs faked at fu@age_- 24.6

Y, Strut see tion
Z, Airfo[l section A(hwAirfoil secftbn ---- “

(or sh-uf secfion
not shown)

m “ 1-1%9

1

—

<Y

\.-

‘)-A——--- z

~
J

v
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Y, Wheel fairing A
Z, 27- sfreamlive wheel

T-
37~”

8f4”If

‘--i

,~4f’%6-—

FIumm zW-Dreg and dimensions of genr llb.

Drag of gear at 100 m.p.h:: Pounds

27-inch streamline wh~—.--—-----—-.-—----—-- 21.5
8.5O-10 wh~——.—--—---—--------— ------ !=. 6
8.50-10 wheel% wheel faMng .\----------------------- 17.5

~ /f”2xU3: sfreomline tube
—

. ,, -L5–--

Y; J~; sf.-e”okrline w;re , /!\

-39-~

Fmuan 36.-Dreg and dlraenekme of gear 12.
Drag of gem! at 100 111.p-h.: pOU11d8

8.50-10 wheelej wheel fairfnge A, wfre flttlnge exposed,
brace strnte OIL—.————————— 8S. o

S.50--04: WO+WS,wheel faMnge A, CUU8 over fittings, brace
———— —————— 82.0

8.5~&&O@Wo.:ls, wheel fairinge A, enffe oVW fltthlq, brace
—— ---——-.—c

8.50-10 wheel% wheel fafrfnge & wiree and bmce etmts oll ~ ~
——-
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.v .,--

1,

II
II
1;
I
II

;;
I
81
11

I
:!

,+-L,q

3

Y
...

1

~ No. 2, wheel f airing extended fo wing.
Z, No. 1, expanding f;llet.

“~’g” 41T
3

L

Y
‘,. + 9y4”

7

—

?-
)

,Z

Fmomr W3.—Dmg nnd Umenslons of gear 1S.
Drag at 100 m.p.h.: Pounds

8.50-10 whee@ wheel fnlrlngs A-.—---—----——--—- 20.0
8.50-10 wheel% wheel fnlrlngs ~ modhlration 1----- 13.0
8.50-10 wheels, wheel fairlngs A, moditlmtlou 2---------- 13.0

X, Oleo exfendecf
.4 collopsed

==1+’L \ 1

I

3

3+2=,

i

4 1
Ill

1,
II
II
1

w
1’

+-5*

r. II
i 11

1

Fmum 37.-Drag and dinmmiorrsof gear 14.

i-

1
I
I
1
1

II
I 1’
1,
u
t

Dmg of germ at 100 m.~h. (oleoa extended) : Pounds

8.50-10 whwk__------__. -—________________ 39.0
8.50-10 wheels, wheel fnirhg C--__ ----___ --_-------—__ 26.0

501-8G1G
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X, Oleo exiended
Y, - collapsed

Frame 38.—Drag and dimeasiorm of gem 14h. Dmg of gm.r at 100 m.p.h. (oIeos extended) : 8. GO-10 wheels, 41.0 pounde.

~ Oleo exfendad
. collopsed

z: Ig”x Z%”
streamline fube

6“ x 188 Clark Y wing 39” —+

r i-w--it-z--h \ <L3W” +
( I

0

FIOUaE 30.-Ding nnd dimensions of gear 14c. Dmg of gear at 100 m.p.h. (olems extended) . S.GO-10 wheels, .I1.O pounds
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,=== .===&;;;@+==:=.:
Gear la &a- lla

1a, wing I
.— — la,fuselags afme

— ---------- la, engit?e I
—. — la, - plus. wing
—-- — la= cowled engine plus Wi ng

‘—- -- —lla, wing
—. -ha, fuselage CL

———--lla, engine I
— —---ha, . PIUA - wing
—— —-

50 —
]la, cowled erqv?e plus win g_

4 0

.3 0
.

Q
.

/
8 -- /-

-
&2 0>- >

— w< — _
> d =

------ ——L.— b ---
\

i o

0
-4 -2 0 2 4 6

Angle of pitch, de~ees

FIGUIIU 41.-Dm at 100 m.pJI. of landing gears la and lla
mensnred in &e presence of the +- by I&foot wing and
the engtm

,, -Wace struf —

—-— Bmce sirufs of C cuffs
over wire f)itlngs.

----------- 6r0ce sirufs off, wire
f) fiings e~osed.

_——— 6roca sfrui9 on, cuffs
over wire fi}tlngs.

Brace sfruts on, wire
fiitings e osed.

%—--—Wires d ace
sfrufs off.

50

> -
Y. —

--- =
-s +

\
40 --- -“ --.: >-> >-

Y
Y _ ~

i. -- .. . /
---- -.

—. _- -
-.-N-

.30 > --- .
--

~ - - - .-
.

8 ‘-. .,
k
Q 20

\ .
<

-“ ‘-. -
___

10

0 -4 -2 0 2 4 6
Angle of pitch, degrees

ErQmm 42.-Dm~ at 100 m.p.h of -r 12 mounted on tk
fnn nge and the O- by 18-foot wing.
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.

: - %iy.+”T+-----!j+:ding -
tendsd io wing

Original
,30 —— — Modification 1

~ ------------ . 2

$ F > >

&go
-.>

~
‘.

~.
~

+

Y.

\
~

e .
10 --- . —

- -..
---

-.

0
-4 -2 0 2 4 6

Angle of plich. CT&SeS

FIcJumI 43.—Drag at 100 mph of gear 13 mounted on the
fuselage and tho O- by I&foot wing.

—— .=- - radial ‘-
-------- 14a with wheel fairing C

10— —-— 14b ond14c
—--— 14a

o
-4 -2 0 2 4 6

Angle of pitch, degrees

I’IOOIIE44.—Dmga nt 100 m.p.h. of gears 14a, 14b, and 14c
mounted on fueelage and the & by 18 foot *g.

430 ,
$

360

Gear 12 plus
320 re cikzngular /

wing ‘. /
/

$
N /

\ /\

280
\ /

\
\

/
/

o. 18c: / /
/

/
.’

24a /
/ /

Geor 13 plus .“
tapered / .

$ wing ~, / ‘

/
/

/’
$200

\
\ / ‘ /

& ] < ./ .,~ ““ /. ‘“
/ .

. .
.’

160 — / / “
\ _. ~’

/ >
. / 0. / ‘

0 y ,---\’.
Lr

--- / /---- —.- / ---f-Recfongular
).

,- .
Clark Y wing

120
“Topered .

Clark Y wing

/ ‘

80
.“

Geor 12
/ “. . /

/
. -

(includin~ . -w-
ires)

/i- ‘ -- -
m ~ Gear13,/

/

/
/- ‘modifi ----

/ “ cation I/-

_- -—. ---

0
80 /00 120 140 160 180 200

Air speed, m.p.h.

FImJam 45.—Drag comparison of a wire-bmcwl wlag and ear with a canti-
?Aaenmed wing are& 260 aqaare oet; wing leadhm,

*~~Po~d~ ~e~ ~ur~e foot; ~ct ~~o 6. Wing data taken from ref-
erence 8.
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P&entage of airplcme c&ag dve fo landing gsor

‘liw’t%-z&F’w-iiYY%%‘%’%:%%‘b’Ef6-g 3%J2JWK
(L&rusthorsepower and drag coediclent of Q con-
stant for small chnngea in angle of attnck at blgh-speed condition.)

TABLlil I.—DRAG OF VARIOUS W’H1313LS AND TTRJ3S

Wheel and the m%ii$ai‘hdmg
W1’e$sO

TAnmcf8 PaUnl
&*lo low-pre?slre whwl and Um. —------------- & I --–.-—-
Z’-Inch sbamline wheel and tim-------------- :: la o
26 hy U-4 &-b3W-Pt8SSUt0 whwl and tire--——— –16. 4
W by 5 dkk Whd and

“W
~ the--------- i9

30 by 6 &k whwl and 32 Y 6 Id’h+remre tir&.- &9 –1$ ?

TABLE IL—DRAG OF S.50-10 WHDEL WITH VARIOUS
WHEEL FAHUNGS

Whedcahing

mrP0und8 Pe#enf mm?
md~..-.––-.-....–-------- & 1 ----------
k . . . ..--- –-.–.-.. -.-------- .-----.-– x 5 427

A [mtition~---.----.-.-.--- ?; ~~ ~~
A modM@fon AI --------------------

B --------------------------------- 63
0---------------------------------- 4.6
D------------------------------------ 7.7 –%! It;
D (modlEcatIonDO----------------- L5
E----------------------------------- &4 3: ---?:-

CJOM3UTTEE FOB AEEtONAUTICIS

TAJ3LE IIL-DRAG OIi’ HALF OF LANDING CIEIAR !2n

WITH MW1O WHEU!lL AND WH6WIL FAIRINGS

wheel fdrlng

Rl;;gn
Whwl ~---------------.-.-.--.-- .
A--. -.-- . . . . ..- . . . . . . . ---------

Aiu i
A modiOmtlon 1 . . . . . . . . . . . . . . . . . . . . . .
A mcdillcation . . . . . . . . . . . . . . . . . . . ..-

@fdcatlOn3 ----------------------
B..____ . .._. ____. .._. _._ . .
~ (Mnoh radirlsfllfets). . . . . . . . . . . . . .

u—. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .

/

E !d-fnnb radius 51Ms)---------
E l-inoh mdlos flllet$---------------
E l-bmh radius dllets-modlfimtionEd.
E 141KJJradiusdllets-mwMkatlonsE!

andEt—-----------------------------
E (1-lnob md[rx folets-modillcatiom Et

and&)_-— --------------------------
F )+Inch ga )------------------------
F ~pd~--------------------------

la 2
9.0

1::
9.7
9.0
9.0

1;;
lL 2
11.0
9.8

9.2

Ii:
13.8

)W—mr.e
Udroga
Om.p.h

Pounds
... .....

L 3
Zb
24

i;Z6
16
&z-.
.;

i !
23

–:+
–23mDrag at

IOm,p.h.

Al;&do!

I&0
. . . . . . . . .
. . . . . . . . .
. . . . . . . . .

14,6
. . . . . . . . .

14,1
. . . . . . . . .

la 3
. . . . . . . . .
. . . . . . . . .
. . . . . . . . .

. . . . . . . . .

14.9
220

. . . . . . . .

TABLE IV.-DRMI DUEI TO VARIOUS LANDING WMIM
MOUNTED ON TEST FUSELMHD, O“ PITOH, S.GO-10
WHemLs

L9ndhg Dmg at I.andblg DraIJat
Ml m.p.h. gearno. lalnl.p.h.

Pmmda hul$
IB------- 426 L..- . . . .
lb_.-. b_.--.. tio
1o----- M 6-- . . . . . fa6
a------ 46.0 7-- . . . . . . . 5L 6
2b_ . . . . 47.0 8------ 44.0
m_____ 46,5 Q...-_ .- 4ho
!3L----- 43.0 llb- . . ..- 23.6
39------- 416 1* I._.. no
3b----- 440 14b 1. . . . . 4L O
30____ &o 143I.._.. 41.0

I (km mounted on fusdage and 6- by 164mt wing.

TABLE V.—EFFEOT OF VARIOUS WHEIEILS UPON THEl
DRAG DUE TO SEIVEEL4L LANDING GEIARS MOUNTED
ON TEST FUSIW.KM3, O“ PITOH

wheel Drag at DCUWWI
100m.p.h. 10 dreg

LANDING GEAR lb

~

Wby6bl@ p=~..--.-----.- . . . . . . . . . . . . . . . . . . .

I 1 I (

LANDING GEAR 3a

8.W1O ]OW ~------------------------------- 43.5
n-imll 8~&—------. . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . .
4h o -a 6

26 by 11-4 ertre-low ~ . . . . . . . . . . -------- ---- 420 3.6
mbybhlghpmsnre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43.0 L6

LANDING GEAR 8

~gla~. -...-.--...................... 44.0 . ...-6..

L-—---------------------------- 47.5
26 by 11-4 axka-luw Pl13SWU0. . . . . . . . . . . . . . . . . . . . . . 46.0 ~;
30by5highprmnre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4%6
32 by61@hpressure . . . . . . . . . . . . . . . . . . . . ---------- 46.6 -i 4

LANDING GEAR llb

I 1~

I 8.5I-10 low ~ . . . . . . . . . . . . . . . . . . . . . . . -------- R: . . . ..xE..
27-lndI ~ne.–. —--------------------------- .

I I
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TABLEl VI.-EXWTN3T OF VARIOUS MODIFICATIONS
UPON THE DRAG DUD TO LANDING @3ARS MOUNTED
ON TEST lNJSELAQFl, 0° PITCH

Condltfonof gear

T

LANDING GEAR 20

T

8.W1Owhmk-------------------------------------
8JJ3-10whwlsjwheelkdrfng0--------------------

LANDING GEAR 3h

~ ‘---f

8,W1OWheal %----------------------------------
&f41-10wheels,moditktion 1---------------------
8MI-10 wheala, m@31tl@tfons 1 and 2--__ . . . . . .
8AW+0wheeh, mod!flmtiom 1, Z and 3-.. _____
8.WIO wbwds, modhlcntfons 1,2,3, and 4______
8.W1Owheew modlllcatlom 1, z and 6-.-__ . . .

LANDING GEAR j?.c

1

8..50-10 wh~------------------------------------- 46.0 ----------
8,EJ3-10wbmk frdrfngremoved from I . . ..-- . . . 6L 5 –14. 4
8JW-10wheow faking removed from I and IL----- –31. 1
8.W1O wheem faking romovd from I, If, end lU. %! -UM o
8.W1Owhecds,fehing romovd from I, II, III, and

m . . . . ---------------------------------------- W o –117. 7

LANDING GEAR 7

8,JW1O whmk ------------------------------------- 6L 5 ----------
8.W1O wbeom modlllcat[on 1--------------------- 6%0 –a o

LAND~G GEAR 8

‘~-

8JWI0 whwb -------------------------------------
8,IW1O whwb, modllktfon 1---------------------
8,62-10 whea@ mcdhlcatiom 1 end 2... ----------
8.69+0 wheel.% modhlcationa 1, Z ond 8---------
8.fJI-10whwI$ modlflmtfons 1,2.3, and 4--------- 24.0 .

LANDING GEAR 10

8.60-10 wheel% wheal fahiIM A-------------------- 27.0 . . . . . . . . . .

8%J0GPd Z?Z:8?.::-:!:!.-Y:.-2. 24.6 9.3

LANDING GEAR lla

-

8.WIO wheels, wheel faking B --------------------
8.cJJ-10wheef&wheel fohing 0--------------------
8.JW-10wheeb wheal fohing D, medlfimtlon D1.--

whd-------------------------------------------

ihd ------------------------------------------- 220 .

LANDING GEAR llb

6.60-10wh~------------------------------------- 23.5 ----------
8.66-10w~, whwl -A-------------------- 17.5 26.5

FUSELAGE WITH 6- BY 18-FOOT WING LANDING GEAR 12

m

8.60-10 whwlq whed fairlng:A, wire fltth.W OX-
IWW.1,hmcsatrnts off------ . . . . . . . . . . . . . . . . a o . . . . . . . . . .

8.M-10 whmls, wheal fahing A, - ova fttthw%
bmmti@off ---------------------------------- 320 ----------

S.60-10 whwlsj whed fefrfngA, cnfls ovw flttinm,
brncoatmta on---------------------------------- 39.0 ----------

8..52-10 whwle, wheel feMuz A, WbW and brwx
stl-nt2 Ou---------------------------------------- 18.0 ----------

Fusr-tLAGE WITH & BY IS-FOOT wmcI LANDING GEAR 13

8.60-10 wlJt?n@ whal fefrlng A-------------------- 2flo ---.--.--
8.&&10 wbeol& wheel Wing A, modification 1---- 13.0
&tJ3-10 wheels, wheel fahfng A, modfllcstfon 2----- 12.0 E:

221

TABL13 vr.-nmm OEI VARIOUS ~OD~IOMIONS
UPONT~ DRAGDUETOLANDINGGWS ~OUNTEIJ
ONTOST l?US13LA(?~ O“ PITOH-ContinneL

COndftIonof gm.r

r ;-;..’FUSELAGE WITH 6-BY 18-FOOT WfNG LANDINQ GEAR 140

I8JJ3-10wh~------------------------------------- n o ----------
8.60-10 wheelajWhd Mrlug 0-------------------- ‘MO =3

TARLIl VII-A.-ANALYSIS OF JAND12NG-GEAR DRAG

LANDING GIWRS DEYSIGN1313 FOR A!l?TACHhIIINTTO

TRITOD TYPES

I
1* . . . . ...-I Til i7ii
lb----------- 4.3 19.4
2B-------------
2b----.--___-
2u.----._-__-
!M-----------
3a----..-_._-- L7 19.4
ab--------.---.- k4 19.4
6------------- 7.9 19.4
7------------ 7.8 19.4
S------------- 6.4 19.4
9-------------- .27 19.4 m, I14h

Avemge..--..l .221 19.4125.614& 6] ’ZI.01 13.6142714
1 I I I ! I

X7 L 78
11111111

TRIPOD TYPES (WITH WHREL FAIRING8)

3a----------- 5.7 14.2 19.9 33.5 13.6 16.9 424 40.7 L @3
3b------------ h4 14.2 19.6 27.0 7.4 m. o 626 27.5 L ?s
8------------- &4 10. Q 17.3 w. o 127 2L3 2a4 423 L73

Averase------ 6.8 l&1 18.9 33.2 11.2 19.4 4X8 25.8 LCJI

HORIZONTAL-AXLE TYPES

4---. .-_.__.. 6.1 19.4 =5 3a7 13.2 16.7 60.0 3L3 L62
6--------------- 7.6 19.4 27.0 34.0 11.0 al. o 6L0 23.0 L41

Averaso ------ &8 19.4 2a2 W.3 121 17.8 tQ6 3L 6 L 46

SINGLE-STRUT TYPES

1L9 1--------- 3.6 lh 6 19.2 26.0 :: ;;: ~~
lla *---------- 3-6 15.6 19.2 220
Ha----------- %8 16.6 19.4 2L 5 21 17.4 7!i8

—.
23.3 L?JI
129 1.15
9.8 1.11

Average-+ i6[ l&61 19.31228[ 3.6[l&816S9 [l&311.19

SINGLE-STRUT TYPES (WITH WHEEL FAIRINGS)

TFFPi=F10------------- 7.5 121 19.6 27.0
118, ------------- 26 14.2 16.8 l&5
lab----------- 3-8 121 15.9 17.6

~V0K@3------ 4.6 128 17.4 21.0 I 3.0 19.6 63.0

I Strut mcilon alongside WiWSL
t Alrfofl @ion alongside wheel.

+

27.4 L38
14.0 L 10
9.3 L1O

l&9 1.19
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TABLH VII-B.-ANALYSIS OF LANDING-CHIIAR DRAG

LANDING GEARS DESIGNDD EOR ATl!A~ TO TvfN(l

Ah speed-loo ZILP.H. o“ Pftch

IaIKung gw

——
TRIPOD TYPES

Ia. Lb.
14a__ .._._ - 4.9 IQ 4
lab------------ 4.9 l’a 4
la----------- 4.9 19.4

‘~----l 49I‘Q’

Lb. Lb. Lb.
24.3 39.0 14.7 126 49.8 37.6 LCJI
243 4L0 16.7 lL8 47.4 40.8 L&5
24.3 4L0 16.7 121 47.2 Q7 L&3, , ,

TRIPOD TYPES (WITH WHEEL FAIRIPK+S)

lea-------- 4.9 14.2 I&l MO &9 IX9 64.7 ~4 L’M

WIRE BRAOED (INOLUDING IVING BRAOH?G)

I 1

12 (without
brace struts).. 222 121

u (with brace
9knt?)------ 24.0 El 44 +’14+%

I ,!, # 1

CANTUJEVER (WITH ~EL FAIRINGS)

:ti:{;:;,zo,,a,,=,,l.o,al,&2,Mo0.8

ti0n2)------ 1L8 1~9.8 2L6 MO –ti6 ----- ------ -----

L 01

.M1

TABLE YUL-IH?FECT OF TWO TYPEE3 OF LANDING
GIWR.S ON TEE PIDIM’0RMA370ElOF TWO OLASSEISOU
AIRPLAN3DS

LOW-WING CANTILEVER MONOPLANES

Amnmpttmx
Eigh~ (gmrmtractd),mflcs

Tl%%t ho ‘-~;;%iia%i;:::::
Drag of ti%e at hf S-

vi’K%%%%x”P%m-
fmt----------------------------

%
1,110

El

Example II—
Lmvdtimeg

m
4Kl

682

12

AIRPLANES EQUIPPED ~::~lV-DRACi AND IIIGH-DRAG

Derived dati
Lendfng-gwr type _--.. .-.- . . . . 13 (mod

An8fe of atteek of wfng d
Dragofgm atlHks’E!ia;-

PJunde lJ.-.-...-.-.– . . -------
Drag of gearat Mgh_ wndl-

tfon, mmti----------.-.......
Percatago dmg Of afrplane due

to ~_-.. --------------------
Perc?Jlk3 mduotfon h bfgb

*43 to gmr-----------
~m:~~$r~o~~ dne te

. . . . . . . . . .
Per@mta89 0 thrust hmwpewer

absorixf by gcmr------------
Tbrnst hermwwer abwrbd by

-.------: ---.-.-.----.-.-.-:.1

-;!0

l&o

27.3

24

.8

LI

24

9.0
t

fn premnw of wing end fnmlaue, no engine.

140

-L O

4L0

74.0

6.3

2.2

3.0

IL3

2&2

—

9 (p.

-3.0

17. K

8E.O

IL 1

3.0

&6

11.1

44.a

140

-3.0

43,0

2M0

23.4

&o

la o

23,4

fo. o

‘“’-w-C!omputdfremtcstso whmlfaIrfn@Aandk


